Strains previously identified as Klebsiella oxytoca phylogroup Ko6 were characterized by rpoB, gyrA and rrs gene sequencing, genome-sequence based average nucleotide identity analysis and their biochemical characteristics. rpoB and gyrA sequencing demonstrated that the Ko6 strains formed a well-demarcated sequence cluster related to, but distinct from, Klebsiella oxytoca (which includes strains previously labelled as K. oxytoca phylogroup Ko2) and Klebsiella michiganensis (Ko1). The average nucleotide identity values of Ko6 with K. oxytoca and K. michiganensis were 91.2 and 93.47 %, respectively. The inability to metabolize melezitose differentiated most of the Ko6 strains from K. oxytoca and K. michiganensis. Based on its genetic and phenotypic characteristics, we propose the name Klebsiella grimontii for the Ko6 sequence cluster, with strain 06D021 T (=CIP111401 T , DSM 105630 T ) as the type strain. Strains of Klebsiella grimontii were isolated from human blood cultures, wound infections, antibiotic-associated haemorrhagic colitis and faecal carriage.
The genus Klebsiella includes important human and animal pathogens and is widely distributed in the environment and in animals [1, 2] . The indole-positive species Klebsiella oxytoca is commonly isolated from infections of humans and other hosts, and some K. oxytoca strains cause antibioticassociated haemorrhagic colitis [3] [4] [5] . Brisse and Verhoef [6] reported the existence of two K. oxytoca phylogroups, Ko1 and Ko2, with the latter including the type strain, ATCC 13182
T . The two groups were also distinguished based on their chromosomal beta-lactamase gene bla OXY , as they harboured genes of families bla OXY-1 and bla OXY-2 , respectively. Subsequently, the sequence variation of gene bla OXY led to the recognition of further K. oxytoca phylogroups, Ko3 to Ko6 [7] [8] [9] . Groups Ko1, Ko2, Ko4, Ko5 and Ko6 were detected in recent surveys of multidrug-resistant K. oxytoca clinical isolates [10, 11] . Independent work by Hertzog et al. [5] defined three K. oxytoca phylogenetic groups named A, B1 and B2, but their correspondence with groups Ko1 to Ko6 was not established. Hertzog et al. further showed that groups A and B2 harboured the gene encoding the cytotoxin activity that is associated with antibiotic-associated haemorrhagic colitis, whereas most isolates of group B1 did not harbour this gene. Saha et al. [12] defined Klebsiella michiganensis from the single strain W14
T . Other species of the genus Klebsiella [1] include Klebsiella pneumoniae and its closely related species Klebsiella quasipneumoniae, Klebsiella variicola [13, 14] and Klebsiella granulomatis [15] . Although Klebsiella terrigena, Klebsiella planticola and Klebsiella ornithinolytica were proposed to be transferred to the genus Raoultella [16] , we included these three species for comparison due to their historical link with the genus Klebsiella. The aim of this work was to update the taxonomic status of K. oxytoca phylogroup Ko6.
The type strains of validly published Klebsiella species and subspecies were included (Table 1 , Fig. 1 ). Strain 06D021 T (internal strain bank identifier, SB73) was included as reference strain for group Ko6 [6, 17] . Additional isolates of Ko6 and previously described Klebsiella taxa were included (Table 1) , most of which were identified in previous studies [6, 14, 17, 18] . Strains were grown in tryptocasein soy agar (BioRad). The isolates were characterized using API20E and API50 CH strips (BioM erieux) following the manufacturer's recommendations. To extract DNA, bacteria were plated on tryptocasein soy agar and one colony was grown overnight with shaking at 37 C in 10 ml tryptocasein soy broth. DNA was extracted using the Wizard Genomic DNA purification kit (Promega). DNA samples were stored at À20 C. The nearly complete (1454 nt) sequence of the rrs gene (coding for the 16S rRNA) and an internal portion of genes gyrA and rpoB were obtained as described previously [14] . Strains 06D021 T (group Ko6), 16A079 (SB9, K. michiganensis) and ATCC 13182 T , the type strain of K. oxytoca, were sequenced using Illumina technology with a 2Â100 nt paired-end protocol on an Hiseq-2000 sequencer. Draft genome sequences were assembled using the CLC Genomics Workbench package (CLCbio). JSpecies [19] was used to calculate average nucleotide identity (ANI) using BLAST. Sequence chromatogram editing was performed using BioNumerics version 6.6 (Applied-Maths). Neighbour-joining and maximum-likelihood phylogenetic analyses were done using MEGA version 6. rrs gene phylogeny was based on all sites with no gaps.
The nearly complete (1454 nt) rrs gene sequence coding for 16S rRNA was determined from the reference strain of phylogroup Ko6 (06D021 T ) and compared to rrs sequences of type strains of all validly published Klebsiella taxa (Fig. S1 , available in the online version of this article). The results showed that reference strain 06D021 T was not distinguishable from K. michiganensis strains SB9 and W14 T , as the sequences differed only by ambiguous (non-GATC) nucleotide positions, which are caused by the heterogeneity among the multiple rrs gene copies in each genome. These strains differed from ATCC 13182 T , the type strain of K. oxytoca, by 12 (0.82 %) nucleotide positions. Phylogenetic analysis of the rrs gene sequences (Fig. S1) showed that strain 06D021 T formed a single branch with K. michiganensis, and that both were associated together with K. oxytoca. Few branches were strongly supported by bootstrap analysis, which shows that the phylogenetic information content of the highly conserved 16S rRNA sequence is limited within Klebsiella, as previously reported [20, 21] .
The sequence of internal portions of 383 nt of the gyrA gene, and of 501 nt of the rpoB gene, were determined from the 44 Klebsiella strains included (Table 1) . Phylogenetic analysis showed that strain 06D021
T and five other Ko6 isolates formed a single highly supported sequence cluster that was clearly distinct from K. michiganensis and K. oxytoca (Figs 1 and S2) . Comparison of type strains with reference strains of the Ko1 and Ko2 phylogroups showed that Ko1 corresponds to K. michiganensis, and that Ko2 corresponds to K. oxytoca. Distinction among the groups was also observed based on each of the two individual gene phylogenies ( Figs S3 and S4) , indicating that the sequencing of either gene could be used for identification. These results underline the clear genetic demarcation of the Ko6 phylogroup from previously described Klebsiella species. Phylogroup Ko6 was associated by a common ancestral node with K. michiganensis and K. oxytoca, and their phylogenetic association was supported by maximal (100 %) bootstrap value in the neighbour-joining analysis (Fig. 1) , providing confidence that these three sequence clusters share a common ancestor, consistent with 16S rRNA results and with the initial identification of Ko6 and K. michiganensis strains as K. oxytoca.
In order to define the genome-wide divergence among Ko6, K. oxytoca and K. michiganensis, we compared the genomic sequence of 06D021 T (Ko6) with the those of strains ATCC 13182 T (K. oxytoca) and 16A079 (K. michiganensis) by estimating their ANI. The ANI values of Ko6 with K. oxytoca and K. michiganensis were 91.2 and 93.5 %, respectively, well below the cut-off value (approximately 95 %) proposed for species distinction [19, 22] .
The phenotypic characteristics of the six Ko6 isolates were compared with the other Klebsiella isolates. We confirmed that all strains were non-motile by microscopy and mannitol-mobility soft agar test. All isolates were positive for indole, lactose, mannitol, malonate and lysine decarboxylase, the Voges-Proskauer test and the ONPG test, and reduced nitrate to nitrite, whereas they were negative for urease and ornithine decarboxylase. Melezitose Fig. 1 . Phylogenetic relationships (neighbour-joining method, Jukes-Cantor correction) based on the concatenated sequences of the gyrA and rpoB genes. The tree was rooted on the branch separating the group formed by K. pneumoniae, K. quasipneumoniae and K. variicola from the other taxa. Bootstrap proportions obtained after 1000 replicates, which were above 90 %, are indicated as percentages at the nodes. Strain labels are given as Strain Bank ID (e.g. SB71) followed by original strain name, followed by phylogroup. A 'T' after the strain name indicates that the strain is the type strain of its taxon. The accession numbers are given for type strains of each taxon after the strain label in the order: gyrA, then rpoB, as indicated. Bar, proportion of nucleotide changes per site.
isolates were recovered from bacteraemia, wound infections, asymptomatic faecal carriage, diabetic foot syndrome and antibiotic-associated haemorrhagic colitis [5, 9] .
The type strain is strain 06D021 T (=SB73  T , CIP 111401  T ,  DSM 105630 T ), isolated in 1997 from a soft-tissue infection culture of a patient in Lille, France. The strain was previously named SB73 and assigned to phylogenetic group Ko6/ bla OXY -6 [9] . It is melezitose-negative. The EMBL (GenBank/DDBJ) accession numbers of the gyrA, rpoB and rrs (coding for 16S rRNA) genes are AJ871848, AJ871812 and AJ871861, respectively. The genome sequence accession number is FZTC01000000. 
